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SPRAY CHARACTERISTICS OF FOUR FIYINH30.A!I’HULLS

As AlmEcTm BY IENGTEaEAM RATIo

By William W. Ho@f3s and &vid R. Woodward

An investigation of the spray characteristics b smooth water of
four related models having length+eem ratios of 6, 9, K’, and 15 and

constant values of Iength@esm product has been made In Langley tank
no. 1. The parent model for the series was similar to a Navy twin–
engine flyhg boat.

When forebody length%eam product was held cmstant,. similar
propeller and flap spray chmacteristics were obtained for hulls over
very wide range of length+eam ratio; however, higher length+eam ratios
may require greater clearance between elevators ad water.

a

The spray characteristic of the models agreed well with the spray
criterion presented in NACA ARR No. 3K08. This criterion may be con-
sidered conservative‘forhulls with high length+eam ratios as shown by
the fact that the models having length+eam ratios of 9, 12, snd 15
operated at greater loads with no propeller spray than did the model
having the comentimxil length+eem ratio of 6.

mTRoinJorIoIT

The selection of over+Jl proportions of flyin@boat hulls to ensure
minimum air drag and adeqyate hydrodynamic perfozmmce is a difficult
problem. Obviously the minimizatim of air drag is most readily accm
plished by the reduction of hu31 frontal area end volume. Previous
_ses (referemes 1 snd 2) have indicated that increasing tie l~h.
hesm ratio while hull length%eam product is held constant results in
reducing the hull frontal area end volume aud, at the ssme time, in
maintaim3ng stmilar hydrodynamic characteristics.

M order to efford desi~ers sn aid in selecting the hull proportions
for high-peed smd lqrange flying boats, the Nationsl Adtisory
Committee for Aeronautics has developed a series of hulls ranging in
length+eam ratio from 6 (the conventimd ratio) to 15. The back–
.ground for the derivation of the series is set forth in reference 1

-—.— ----- _. —__.. ... . . ..,_____ .-. .—. _ ____ _ .—. .- ._. _ . ..—..— ------ .
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where hulls of dlPfermt le&th-besm ratios having
length<esh Qroducts are shown to have ccmqmrable
chsmcteritiics at the ssme gross loads.

Whd-tunnel tests of the series are described

the ssme forebody
propeller spray

b reference 3 and
indicate that the hull having a length~eam ratio of 15 had approdmately
29 percent less aerodynamic drag than the hull hming a length~eam
ratio of 6.

The purpose of the present tivestigation was to detemine the effect
of length~esm ratio on propeller, flap, and tail spray h smooth water.
All the data ware obtained visually and are presented in the form of
photographs shmrtng the region in which spray was observed to strike
prope~ers or flal?s* Vee 13@PDM SIUX@ gross load plotted against
speed.
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w

be

bf

L/b

b.

SYMBOIS

gros-load coefficimt (&/wb3)

gross loaa, pounds

speed, feet per second

specific wei@t of water, pounds per cubic foot (63.5 for
this fiveatigation)

elevator deflecticm, degrees

flap deflection, degrees

length+eem ratio

maxhum besm, feet

.

L=~+~

% length of forebody from bow to step, feet

%’ length of sfterbody from step to sternpost, feet

qrb forebody lexeam ratio

k nond-nsional coefficient relat
9

forebody proportions to
spray characteristics (&/wb% )

.
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NACATN No. 1726 3

DESCRIPTION OF MODELS

Figure 1 is a drawimg showing the general
superimposed one upon the other; figure 2 is q

emangements of the models
&aw5ng showing typical

sections of the forebodes. AU models axe ~–size models of the same
10

airplane ticorporating the various hulls of the series. Table I gives
the pertinent &hnensims of the models.

The first model of the series was Langley tank model 203A, derived
flmmthe full-size Navy twin-engine flying boat. The nacelles, propellers,
wing, and tail surfaces of,model 203A correspmdto those of the full.–
size flying boat and were placed in the same locatims with respect to
the step. The model hull d.imensims were derived by increasing the length–
besm ratio from 6.3, that of the full-size flying boat, to 9.o while
constant length24eam product was maintained. The seinedepth of hull and
ratio of length of forebdy to length of afterbody were used.

Lm@ey tank models !ZQA, 214A, and 224A were derived from model 203A
by varying the station spacings in proportion to the lengths while keeping
the engle between forebody and afterbody keels ccmstant. The cross
sections below the chines were made geometrically similar and the deck
rad3i were made equal to the chine half~readth at each station thus
derived. The nacelles, propellers, wing, snd tail surfaces used for all
models also correspmded to those of the full-size flying boat and were
placed in the sane locations with respect to the stepe The resulting
hulls are thus as closely related as possible over the wide range of
length+eam ratio covered by the series and are interchsmgeable on the
same o’ve~ seaplane design for direct comparisons of their hyrlrodynamic
characteristies.

The construction of the models was similar to that described in
reference 4. h order to make the stsU occur at angles more neer~
eqzal to those estimated for the full-size w3ng, leading-edge slats were
installed on the w3ng. Split flaps and thre&blade propellers were used
on all models.

~otographs of the models having lengt.~eem ratios of 6 w 15 “
exe shown in figure 3, and h these photographs may be seen the chine
stations (inches forwmd of the step).

.

lwwRATus AND PROCEDUKE

The tests were made in.Iangley tank no. 1 which is described b
reference 5. The towing gear is described in reference 4. The models
were free to trim md’ rise but were restrained in roll and yaw.

8

The thrust used throughout these tests represents approximately
the thrust of the full-size flying boat. The propellers were operated
at 4600 P with a blade angle of 14°.

-- . . ..._.. _ —.—— ..— ._ . .. . ___ . - —— ..— .- . . .



4

TWO positias of the center of gravity, 28 percent and 36 percent
mean aerodynamic chord, were used for models 21.3A,203A, and 214A;
whereas one “position,28 percent mean aerodynamic chord, was used for

.model 224A. Throughout these tests the elevatcnw and fjqm were deflected
-10° and 20°, respectively. The models were tested at loadE ranging
from 55 Iounds to 95 pounds, corresponding to 55,000 pounds and
95,000 pounds (full size). All the data were obtained visually and ~e
presented in the form of vee diagrams, which sre ~lots of load agatist
speed showing the regia in which spray was observed to strike the
propellers or flaps. These vee diagrams detieate two t~es of spray:
light spray and %lister spray. Blister spray is the relatively solid
sheet of water coming off and upwardE fran the chine and moving aft as
the model gains speed. All spray not considered blister spray is
designated light spray and consists of isolated drops. Blister spray is
the primary concezm of this investigatim because this tyye of spray is
responsible for most cases of damage to fl@n&boa* components. No
attempt was made to measure the intensity of the propeller spray beyond
distinguishing between light spray and blister spray.

SLowly accele&ted runE (about ~ ft/sec2) were made through the

spray range; and the spray cmdlticms alxnztthe propellers, flaps, emi
chine were not~ at speed titervals of ~ foot per seccind. The trim was

visually read at these intervals. The positia along the chine of the
leading edge of the mati spray blister, gross loads, and the speeds at
which heawy spray first entered the propeller disk were carefhilly
determined for each model.

Him pictures of the models at gross loads of 55, 65, ~, 85, and
95 pOUI@S tith accelerations of 2 feet per second per second for the
cente~f~vity position of 28 percent mean aerodynamic chord were
taken for detailed study of the spray. Photographs compsr~ the spray
of the models at various speeti were also taken for inclusion in this
paper.

REsm21’s. .

Figmes 4 to 10 show, for the cente~f~atity positions of
28 percent end 36 percent meen aerodynamic chord, the Tee diagrams for
spray in the propellers * flaps. Also shown in these figures are
the trhn variatim and the position along the chine of the leading
edge of the main spray blister. The regions of loads and speeds at
which light spray &d blister spray sixdlcethe propellers and flaps are
enclosed by the dashed and solid lines, respectively. The position
along the chine of the leading edge of the main spray blister was taken

‘ as”the point of ori~ of the wa-veform@ the blister measured in
hhes forward of

Figure U is
the blister-spray

thb step.

a comparison of the data of figures 4 to 10 and shuws
qe tim various lengt~eam ratios.

.- —-— ~. _— _
..
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Figure 12 shows the variation of trti and leadina
with le~hqeam ratio for a ~ound gross load and ~

edge of blister
cente~f -gratity

positia of 28 percent mean aerodynamic chord. Figures 13 and lk-are -
photographs of the spray for the models having length~eem ratios of
9 to 15 at various gross loads emd speeds.

ay in propellers.— Reference 1 indicates that hulls hming the

ssme values of L#b will have similar spray characteristics for a
given load. This conclusion was emived a-tby a consideration of the
spray characterifiics of actual flying boats as reported by operational
and.lUlntauance personnel. A plot of load coefficient C

A 4 -~ti . Q~

yielded the relatimmhip k = ~ where k maybe ccmsidered a spray
wM2f2

criterion ranghg h value fran 0.0525 for light spray to 0.0975 for
excessive spray.

Since the modelshwe the seine values of L% end I&%, they
have identical k-values at the ssme loads and thug would be eqected to

●

have shniler propeller spray characteristics. The observed spray
chemacteristics of the models agree qzite well with the designations
of k–values as set forth in reference 1 and shown in figure 15. The
photographs of figure 13 confirm the fact that the propeller spray
characteristics ere quite s~.

Of especial titerest is the gross load.and speed at which the
blistdr spray first strikes the propellers as represented by the lower
apex of the vee diagrams of figures 4 to 10. The ~C%=valizescorr~

$pondhg to these points ae plotted in fi~e 15 for each of the models
and the potits fall h the regi~ designated ae light or satisfactory
spray; the ty_peof spray was confirmed hy obsermaticms made during the
tests.

()Figure u indicates that model 213A $. 6 encounters propeuer

spray at lighter loads than do the models ‘ofh&her length+eam ratio

(

L

)
–=9,12, emi 15. Since this model represents a conventional length.-

b~-ratio configuration of a fl@&boat hull, the test indicates that
models of higher length~eam ratios offer some advantage in this respect.
The position of the lower apex of the bliste~ray vee diagram as
plotted in figure 15.supports the fact that the spray criterion in
reference 1 may be considered conservative for hulls with high length–
beam ratios, based on the load at which sprsy first enters the propellers
at low length~eam ratios.

. . . . .-. ——..—...— -.-—z ._ ___ —.... — -—.— .——. — ..-—... -— ... —
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The procedure of vaz@ng lengt&beam ratio

- qf2b Constent, therefore, yields a series

mately similar spray characteristics. .

Snrar on flans.– The vee Ma?rems for flap

WhtLe holdlng L%
of huUs having appofi-

spray, figures 4 to U,
define the range ~f speed and lox over which %be-fl@ &e subjected to
spray. h &e case of light spray it is quite difficult to define the
origin, that is, to differentiate betwem spray thrown directly astern
and -t the flaps by the propellers and spray blown by the propeller
slipstream against the under side of the wing. When blown by the propeXler
slipstream, the water is deposited on the under side of the wing in the
forward area. The water foUmws tbe mlmg contour aft to the flaps and
fj-ly leaves the traiMng edge as spray. This light spray on the flaps
does not appear to he of a severe or desbr’uctivenature.

Blister spray, however, may he of a dehctive ~tie. ~s tYPe
of spray occurs when the main blister or wave resulting from the hull
passage through the water reaches the regicm of the flaps and is high
enough to impfnge directly against them as shown by the photographs of
figure 14. This ty_peof qmay is known to induce relatively large loads
cm the flaps or in the absence of flaps, cm the trailbg edge of the
wing. Figmes ~ to 9 for the two cente~f~avity positions indicate
that this spray is not appreciably affected by trim. observations tie
during the test and studies of the photographs of figure 14 disclosed
no vw.riaticmof flap+3pray intensity emong the various models at ~gh
loads, but a study of the Tee diagrams shows that usp of high length+eam
ratios slightly -eases the range of speed over which the flaps are
subjected to spray. This increase may he caused by the fact that the
models with hi@ length+eem ratios have greater drafts throughout the
teJm-off runs. Also of interest is the fact that the spemwise areas of
the flaps subject to bllster spray were very nearly the same in all the
models.

At li@t loads (55 to 65 lb) the models with high length~eem ratios
have a slight advantage in that they carried a greater load without
blister spray occurrfng m the flaps. (See fig. I-1.)

Spray on elevatcnw.– The speeds at which tail spray appears most
severe are beyond the speed range of the photographs of figure 14.
Supplementary observations,however, jmiicated that blister spray
strildng the elevators was more severe for the models having high
length~eam ratios. fieventative measures such as spray strips alul
chine flare may be used to control the spray strildng the propellers,
but there appeszw to be no way of preventing the _ from striking”
the elevators other thsn placing them higher.

Kl&tiand position of blister.– Figure U shows th& changing the
position of the center of gravity had no appreciable effect on the

-— —-— ---—————:... ..– -. —.,. ,.



NACA TN NO. 1726 7

blister spray range of the nmd61s, although trim was affected. Figure 12
shows that, for a gross load of ~ pounds, no abrupt chsnges occumred in
the trim or the position along the chine of the leading edge of the main
spray blistkr that might be ascribed to changes b length-beam ratio.

CONCLUSIONS

o

An investigation,@e in J@gley tank no. 1, of the spray charac-
0 teristics in smooth water of four related fl@n&kmat#niU models having

length~esm ratios of 6, 9, ~, ami 15 ti constsnt tiues of lm~eam
product tidicated the followdng conclusions:

1. Designers tisklng to’take advan~age of the higher length+eam
ratios of the series b order to ,achievebetter aerodynamic perfomwnce
may do so without feax of appreciably penalizing the spray characteristics
in smooth water.

2. When forebody length2Aeam product was held constamt, similex
prope~er ~ flap spray characteristicswere obtained for hills over a
very tide range of le@h+eam ratio; however, higher leq@Aeam ratios
may require geater clearance betwem elevators and water.

3. The spray characteristics of the mdels agreed quite well with
I the spray criteria presented in NK!A ARR NO. 3K08. ~s criterim may

be considered conservative for hulls with high le~aeam ratios as shown
. by the fact that the models ha- lengt&beam ratios of 9, 12, and 15

operated at greater loads tith no propeller spray thsn did me model
ha- the more conmntimal length~eam ratio of 6.

4. Trim changes, introduced by changing the cente~f~tity
position frm 28 percent to 36 percent mesn aerodynamic chord, had no
appreciable effect on the spray characteristics.

-eY A=-uticd Laboratory
. National Advisory Committee for Aercmautics

-ey Held, Va., ~ 1, 1948 .
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‘I!ABLEI

HWKDUW2 DIMENSIONS OF MODELS

~epthof step (~ercent b), 9; k= O.069 for
tisi~ grOSS LOti of 65 1~

Ovez-eJl
Model L/b If/b lm Lf &

.

21.3A 6 3.45 UO.19 ti,58 32.87

203A 9 5.18 116.65 51.04 37.64

214A 32 6.91 W.@ 56.17 kl.k

224A 15 8.63 126.12 60.51 44.64

approximate values given.
/

,

IHiiLl‘VOl~b (Cu in.)

---w-
12.91 I 14,860

.9.85 I E,910

8.13 I =,520

7.01 10,650

9

.

Design C4

0.82

3.29

5.15

———. —..._— — .-— — .—. -—.— — ...— . — .. ..— — . ..—. . ...— .——. — ..:.
.-,
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I —--— 51.60 ~
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—224A 15
———214A 1’2
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Comparison of hull sections of Langley tank models
F

Figure 2.- having four different length- beam

ratios, (Dimensions in inch=)
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i
(a) Model 213; L/b, &

(b) ModeI 224; L/b, 15.

Figure 3.- Fzwnt ~d side tiews of two Langley tank modeb havjng length-b- ratios of 6 and 16.
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(d *W in propeller. ‘

14
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glo
.

:8

6

h
(0) Variation of trim with epeed.

&peed, fpe

(b) spray m flapeo
Speed, fpa

((l) Varlatica of leading edge of bliwter at
Ohlne with Speed. a

Flgwe 4.- SPray ant trim ohamoterletioE of mdel 213A. L/b, 61 oenter IX? .gravI@, 28 paromt mm esIro@waic chord;
8f, $?@; 8ej -1OO.
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Epeed, fp

(b) spray on flap~.
w, fw

(cl) Variation of leading edge of blietier at
ohine vlth qeed.

Figwe s.- EWW an& trim charaotmietlos of model 213.A. L/b, 6; omt-ar of grati~, 36 peroent m aerodynemlo ohord;

8f9 ‘o; 8eJ ‘OO.

6



speed, fpa
(b) spray ml flaps.

~gme 6.- ~ray and trim ohmaotmi.gtios at

.,
(d) Vaiatiun of ?%&%&e of blister at

obine with aped.

IODael za~, L/b, 9; oen’mr of gratity, 26 peroent mean aerodynemio ohord;
bf, P@; 06, 400.
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y
(d)Variation of r&%~ of blister at ●

OhiM with qmd, ~

Hgme 7,-SW-V md titioharaoteristioa Of mdel 233A, L/b, 9J oenter of mawl~, 36 peroent men aerodynmio ohord~ R
Bf, 20°; Be, F1OO.



I

(

I

I

!

1

I

I

#

t
I

(

Speed, fpa
(b) spray on flaps.

-e 8,- @ray aoii biro ohe.rautmistiog of

1 1 I 1 t 1

on of trim with ap#d9

E@cd, rp.
(d) Vwiatim of lmiing edge of blister at

Ohine with Epeed.

mxiel 214A..Lab, M; oentm of gratim, 29 pement mm aemiwmdo ohordj

bf, ; e) 40’J .
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-- \ .

W--.1 I rt---lI
6

4 I I I I
6 9 12 15

—

Le&h-bean ratio T
(b) Variation of leading edge of blister

with length-bean ratio.

Figure 12.- Variationoftrim and leadingedge of.blisterwithlength-beam
ratio. Center ofgravity,28 percentmean aerod~amic chord; gross
load,75 pounds; bf,20°; ~e, -1OO.
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25

.

,

I A---=.% -,=. _ -_

L/b, 6

L/b, 9

.——-.. . ___

. . . ..-

L/b, 12 .

.

v, 9.0 fps
L/b, 15

v, 11.0 fps

-’

(a) Gross load,65 pounds.

l?igure13.- Bow spray. Center ofgravi~ 28 percentmean aerodynamic
chord; 6f = m~; 6e = -1OO.
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L/b, 6

L/b, 9-

L/b, 12

. ---- r. -?-.

L/b, 15
v, 13.0fps T

(a) Concluded.

Figure 13.-Continued.
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.

.

r

L/b,

L/b,

L/b,

L/b,
v. 9.0 fps

(b) Gross load,‘i

Figure 13.- Cf

9

12 /

15
v, 11.0fps

v
‘5pounds.

mti.nued.
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L/b, 6

L/b, 9

L/b, 12

‘/b$ 15 “=s=
v, 13.0fps

(b) Concluded.

Figure 13.- Continued.
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33

L/b, 6

L/b, 9

L/b, 12

L/
v, 9.0 fps

(c) Gross

Figure 1

●

�✍ ��✎ � ✿ ✿ �

✎ ✎ ✎

‘b, 15
v, 11.0fps

w

load,85 pounds.

3-. . Continued.
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L/b, 6

L/b, 9

L/b, 12

.

‘/b’15 -:v, 13.0fps

(c) Concluded.

Figure 13.- Concluded.

35
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L/b, 6

L/b,

L/b, 12 ~

v, 14.0fps
L/b, 15

v, 15.0 fps

(a) Gross load,75 pounds.

Figure 14.- Tailspray. Center ofgravity,28 percentmeam aerodynamic
chord; af,20°; Ge, -1Oo.
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--------

L/b, 6

I

●,.’. .”.

L/b, 9

./b, 1

L/b, 15
V, 16.0fps v, 17,0 fps

=%=

(a) Contj.nud.

F&ure 14.- Continued.
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v, l~. o fps
L/b, 15
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(a) Concluded.

Figure 14.- Continued.
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L/b, 6

L/b, 9

L/b, 12

.

v, 14.0fps

(b) Gross load,85 pounds.

Figure 14. - Conthmed.
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NACA TN NO. 1726

L/b, 9

45

L/b, 12

V, 16.o fps
L/b, 15

v, 17.0fps

(b) Continued.

Figure 14.- Continued.
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v, 18.0 fps
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v, 19.0fps,

(b) Concluded.

Figure 14.- Concluded.
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Figure 15.-R%ticdip between gross-load cwffkient and forebody length-beam ratio.

1’


